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(57)  According to an insertion support system of the
present invention, when a biopsy area is specified at a
periphery of the bronchi, the barycenter of the biopsy
area is extracted. A circle centering on the barycenter is
determined as a search area. The search areais expand-
ed until the bronchi are located within the search area.
A point in the search area to which the bronchi first reach
is determined as an end point. A first route choice con-
necting the end point and a start point is determined. If
the first route choice has not been registered yet, the first
route choice is registered as a first registered route. Ac-
cordingly, a location of interest can be specified as an
arbitrary region, and navigation leading to the specified
region is appropriately set.
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Description
Technical Field

[0001] The present invention relates to an insertion
support system for supporting insertion of an endoscope.

Background Art

[0002] In recent years, diagnosis using an image has
been widely performed. For example, a cross-sectional
image of a subject is captured by using an X-ray CT
(Computed Tomography) apparatus or the like to obtain
three-dimensional image data of the subject. The ob-
tained three-dimensional image data is then used for di-
agnosing a target area.

[0003] The CT apparatus continuously performs X-ray
irradiation and detection in a direction of the body axis
of the subject while continuously rotating the subject.
Thereby, spiral and continuous scanning (i.e., helical
scanning) is performed for a three-dimensional region in
the subject, and a three-dimensional image is produced
from successive cross-sectional slice images of the
three-dimensional region.

[0004] Such three-dimensional images include a
three-dimensional image of the bronchi of the lungs. The
three-dimensional image of the bronchi is used for three-
dimensionally locating the position of an abnormal area
suspected to contain lung cancer, for example. Then, to
examine the abnormal area through a biopsy, a broncho-
scopeisinserted and atissue sampleis obtained by using
a biopsy needle, biopsy forceps, or the like which is pro-
jected from a distal end of the bronchoscope.

[0005] In a duct within the body that branches in mul-
tiple stages, such as the bronchi, if the abnormal area is
located near a periphery of a branch, it is difficult to make
the distal end of the endoscope correctly reach a target
location within a short time period. Therefore, Japanese
Unexamined Patent Application Publication No.
2000-135215, for example, proposes an apparatus
which navigates the bronchoscope to the target location
by producing a three-dimensional image of the duct with-
in the subject on the basis of image data of the three-
dimensional region in the subject, determining a route
leading to a target point along the duct on the three-di-
mensional image, producing a virtual endoscope image
of the duct along the route based on the image data, and
then displaying the virtual endoscope image.

[0006] Generally, however, body tissue of the target
location is spatial. Therefore, it is inappropriate to specify
a biopsy location with a point in a biopsy procedure. Con-
versely, it is desirable to specify the biopsy location as a
targetregion having a certain spatial dimension. The con-
ventional navigation apparatus, however, cannot specify
an end point of the navigation as such a target region,
and thus accompanies a problem in that a navigation
route connecting a start point and the target region cannot
be determined.
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[0007] The present invention is made in light of the
above circumstances, and it is an object of the present
invention to provide an insertion support system capable
of specifying a location of interest as an arbitrary region
and also appropriately setting a navigation leading to the
specified region.

Disclosure of Invention
Means for Solving the Problem

[0008] An insertion support system according to the
present invention includes: virtual image generating
means for generating virtual images of a duct in a body
cavity in a subject on the basis of image data of a three-
dimensional region in the subject; route start point setting
means for setting a start point of an insertion route for
inserting an endoscope into the duct in the body cavity
in the subject; interest region setting means for setting a
region of interest location in the subject; and route end
point extracting means for extracting an end point of the
insertion route for inserting the endoscope into the duct
in the body cavity in the subject, on the basis of the region
of interest location.

[0009] The insertion support system of the present in-
vention has an effect of specifying a location of interest
as an arbitrary region and also appropriately setting a
navigation leading to the specified region.

Brief Description of the Drawings
[0010]

Fig. 1 is a configuration diagram illustrating a con-
figuration of a bronchi insertion support system ac-
cording to Embodiment 1 of the present invention.
Fig. 2 is a flowchart illustrating a flow of a navigation
data generating processing performed by the inser-
tion support apparatus of Fig. 1.

Fig. 3 is a first diagram showing a route setting
screen appearing in the processing of Fig. 2.

Fig. 4 is a second diagram showing the route setting
screen appearing in the processing of Fig. 2.

Fig. 5 is a third diagram showing the route setting
screen appearing in the processing of Fig. 2.

Fig. 6 is a fourth diagram showing the route setting
screen appearing in the processing of Fig. 2.

Fig. 7 is a fifth diagram showing the route setting
screen appearing in the processing of Fig. 2.

Fig. 8 is a flowchart illustrating a flow of the route
setting processing of Fig. 2.

Fig. 9 is a first diagram illustrating the processing of
Fig. 8.

Fig. 10 is a second diagram illustrating the process-
ing of Fig. 8.

Fig. 11 is a first diagram showing a route setting
screen appearing in the processing of Fig. 8.

Fig. 12 is a third diagram illustrating the processing
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of Fig. 8.

Fig. 13is a second diagram showing the route setting
screen appearing in the processing of Fig. 8.

Fig. 14 is a fourth diagram illustrating the processing
of Fig. 8.

Fig. 15 is a third diagram showing the route setting
screen appearing in the processing of Fig. 8.

Fig. 16 is a diagram showing an insertion support
screen appearing in the processing of Fig. 2.

Fig. 17 is a diagram showing a second modified ex-
ample of the route setting screen appearing in the
processing of Fig. 8.

Fig. 18 is adiagram showing a first modified example
of the route setting screen appearing in the process-
ing of Fig. 8.

Fig. 19 is a configuration diagram illustrating a con-
figuration of a bronchi insertion support system ac-
cording to Embodiment 2 of the present invention.
Fig. 20 is a flowchart illustrating a flow of an insertion
support data generating processing performed by
the insertion support apparatus of Fig. 19.

Fig. 21 is a diagram showing a patient information
selection screen appearing in the processing of Fig.
20.

Fig. 22 is a diagram showing a route setting screen
appearing in the processing of Fig. 20.

Fig. 23 is a first diagram illustrating a characteristic
of a method of displaying the bronchi cross-sectional
images and the MPR image of Fig. 22.

Fig. 24 is a second diagram illustrating the charac-
teristic of the method of displaying the bronchi cross-
sectional images and the MPR image of Fig. 22.
Fig. 25is athird diagramillustrating the characteristic
of the method of displaying the bronchi cross-sec-
tional images and the MPR image of Fig. 22.

Fig. 26 is a fourth diagram illustrating the character-
istic of the method of displaying the bronchi cross-
sectional images and the MPR image of Fig. 22.
Fig. 27 is a first flowchart illustrating a flow of the
route setting processing of Fig. 20.

Fig. 28 is a second flowchart illustrating the flow of
the route setting processing of Fig. 20.

Fig. 29 is a first diagram illustrating the processings
of Figs. 27 and 28.

Fig. 30 is a second diagram illustrating the process-
ings of Figs. 27 and 28.

Fig. 31 is a third diagram illustrating the processings
of Figs. 27 and 28.

Fig. 32 is a fourth diagram illustrating the process-
ings of Figs. 27 and 28.

Fig. 33 is a fifth diagram illustrating the processings
of Figs. 27 and 28.

Fig. 34 is a sixth diagram illustrating the processings
of Figs. 27 and 28.

Fig. 35 is a seventh diagram illustrating the process-
ings of Figs. 27 and 28.

Fig. 36 is an eighth diagram illustrating the process-
ings of Figs. 27 and 28.
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[0011]
of the present invention will now be described below.

Fig. 37 is a ninth diagram illustrating the processings
of Figs. 27 and 28.

Fig. 38 is a diagram showing an insertion support
screen generated by the insertion support apparatus
of Fig. 19.

Fig. 39 is a configuration diagram illustrating a con-
figuration of a bronchi insertion support system ac-
cording to Embodiment 3 of the present invention.
Fig. 40 is a flowchart illustrating a flow of an insertion
support data generating processing performed by
the insertion support apparatus of Fig. 39.

Fig. 41 is a diagram showing a patient information
selection screen appearing in the processing of Fig.
40.

Fig. 42 is a diagram showing a route setting screen
appearing in the processing of Fig. 40.

Fig. 43 is a first diagram illustrating a characteristic
of amethod of displaying the bronchi cross-sectional
images and the MPR image of Fig. 42.

Fig. 44 is a second diagram illustrating the charac-
teristic of the method of displaying the bronchi cross-
sectional images and the MPR image of Fig. 42.
Fig.45is athird diagramillustrating the characteristic
of the method of displaying the bronchi cross-sec-
tional images and the MPR image of Fig. 42.

Fig. 46 is a fourth diagram illustrating the character-
istic of the method of displaying the bronchi cross-
sectional images and the MPR image of Fig. 42.
Fig. 47 is a first flowchart illustrating a flow of the
route setting processing of Fig. 40.

Fig. 48 is a second flowchart illustrating the flow of
the route setting processing of Fig. 40.

Fig. 49 is a first diagram illustrating the processings
of Figs. 47 and 48.

Fig. 50 is a second diagram illustrating the process-
ings of Figs. 47 and 48.

Fig. 51 is a third diagram illustrating the processings
of Figs. 47 and 48.

Fig. 52 is a fourth diagram illustrating the process-
ings of Figs. 47 and 48.

Fig. 53 is a fifth diagram illustrating the processings
of Figs. 47 and 48.

Fig. 54 is a sixth diagram illustrating the processings
of Figs. 47 and 48.

Fig. 55 is a seventh diagram illustrating the process-
ings of Figs. 47 and 48.

Fig. 56 is an eighth diagram illustrating the process-
ings of Figs. 47 and 48.

Fig. 57 is a ninth diagram illustrating the processings
of Figs. 47 and 48.

Fig. 58 is a diagram showing an insertion support
screen generated by the insertion support apparatus
of Fig. 39.

Best Mode for Carrying Out the Invention

With reference to the drawings, embodiments



5 EP 1681 011 A1 6

Embodiment 1

[0012] As illustrated in Fig. 1, a bronchi insertion sup-
port system 1 according to the present Embodiment 1
includes a bronchoscope device 3 and an insertion sup-
port apparatus 5.

[0013] The insertion support apparatus 5 supports in-
sertion of the bronchoscope device 3 into the bronchi by
generating a virtual endoscope image (hereinafter re-
ferred to as a VBS image) of the interior of the bronchi
on the basis of CT image data, combining the VBS image
with an endoscope image (hereinafter referred to as a
live image) obtained by the bronchoscope device 3, and
displaying a resultant image on a monitor 6.

[0014] The bronchoscope device 3 includes a bron-
choscope having image picking-up means, a light source
for supplying illuminating light to the bronchoscope, a
camera controlling unit for performing signal processing
on an image pickup signal sent by the bronchoscope,
and the like, which are not illustrated in the figure. The
bronchoscope device 3 inserts the bronchoscope into
the bronchi of a patient, captures images of the interior
of the bronchi, performs a biopsy to examine target tissue
located at a periphery of the bronchi, combines the live
image with the VBS image, and displays a resultant im-
age on a monitor 7.

[0015] The monitor 7 includes an input unit 8 having a
touch screen so that a user can easily operate the input
unit 8 including the touch screen while performing an
insertion procedure.

[0016] The insertion support apparatus 5 includes a
CT image data reading unit 11 which reads three-dimen-
sional image data generated by a known CT apparatus
(not illustrated) that captures X-ray cross-sectional im-
ages of a patient, through a portable data storage medi-
um, such as an MO (Magnetic Optical disk) device, a
DVD (Digital Versatile Disk) device, or the like, for exam-
ple; and a CT image data storing unit 12 which stores
the CT image data read by the CT image data reading
unit 11. The insertion support apparatus 5 further in-
cludes an MPR image generating unit 13 which gener-
ates an MPR image (a multi-planar reformatted image)
on the basis of the CT image data stored in the CT image
data storing unit 12, and a route setting unit 14 which
generates a route setting screen (later described) includ-
ing the MPR image generated by the MPR image gen-
erating unit and which sets a support route (hereinafter
simply referred to as a route) leading to the bronchi for
supporting the bronchoscope device 3. The insertion
support apparatus 5 further includes a VBS image gen-
erating unit 15 which serves as virtual image generating
means for generating successive VBS images of the
route set by the route setting unit 14 in frame units on
the basis of the CT image data stored in the CT image
data storing unit 12; and a VBS image storing unit 16
which stores the VBS images generated by the VBS im-
age generating unit 15. The insertion support apparatus
5 further includes an image processing unit 17 serving
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as navigation screen generating means, which receives
inputs of the image pickup signal sent by the broncho-
scope device 3 and an input signal sent by the input unit
8 and which generates an insertion support screen (later
described) including the live image, the VBS image, and
a plurality of thumbnail VBS images; and an image dis-
play controlling unit 18 which displays, on the monitor 6,
the route setting screen generated by the route setting
unit 14 and the insertion support screen generated by
the image processing unit 17. The insertion support ap-
paratus 5 further includes an input device 19 which in-
cludes a keyboard and a pointing device for inputting set
information in the route setting unit 14.

[0017] The bronchoscope device 3 receives the VBS
image and the thumbnail VBS images from the image
processing unit 17 of the insertion support apparatus 5,
combines the received VBS image and thumbnail VBS
images with the live image, and displays, on the monitor
7, a screen similar to the insertion support screen dis-
played on the monitor 6 by the insertion support appara-
tus 5. Further, the bronchoscope device 3 outputs input
information sent by the input unit 8 which includes the
touch screen of the monitor 7, to the image processing
unit 17 of the insertion support apparatus 5.

[0018] The CT image data storing unit 12 and the VBS
image storing unit 16 may be formed by one hard disk.
Further, the MPR image generating unit 13, the route
setting unit 14, the VBS image generating unit 15, and
the image processing unit 17 may be formed by one arith-
metic processing circuit. The CT image data reading unit
11 described above reads the CT image data through
the portable data storage medium, such as the MO, the
DVD, or the like. If a CT apparatus or an in-house server
which stores the CT image data is connected to an in-
house LAN, the CT image data reading unit 11 may be
formed by aninterface circuit connectable to the in-house
LAN so that the CT image data is read through the in-
house LAN.

[0019] Operations according to the thus configured
present embodiment will now be described.

[0020] Asillustrated in Fig. 2, prior to observation and
treatment using the bronchoscope device 3, in the inser-
tion support apparatus 5, the CT image data reading unit
11 reads the CT image data of the patient generated by
the CT apparatus at Step S1. The thus read CT image
datais stored in the CT image data storing unit 12 at Step
S2.

[0021] At Step S3, the route setting unit 14 displays a
route setting screen 21 as shown in Fig. 3 on the monitor
6, and patient information is selected in a patient infor-
mation tag screen 22 on the route setting screen 21. Upon
this selection, MPR images including, for example, three
different multi-planar images of the selected patient are
generated at Step S4. The thus generated MPR images
23a, 23b, and 23c are displayed on the route setting
screen 21 at Step S5. The route setting screen 21 in-
cludes a VBS image display area 23d for displaying the
VBS image.
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[0022] The selection of the patient information on the
patient information tag screen 22 is made by inputting
through the input device 19 a patient ID which identifies
one of the patients.

[0023] Then, at Step S6, a route setting tag 24 (refer
to Fig. 3) on the route setting screen 21 is selected by
using the input device 19. Thereby, a route setting tag
screen 25 as shown in Fig. 4 is displayed on the route
setting screen 21, and a route setting processing (later
described) is performed to set a route in the bronchi for
supporting insertion of the bronchoscope.

[0024] When the route for supporting the insertion has
been set, successive VBS images of the entirety of the
set route are generated in frame units by the VBS image
generating unit 15 at Step S7. The generated VBS im-
ages are stored in the VBS image storing unit 16 at Step
S8.

[0025] Asthe above processings of Steps S1to S8 are
performed, preparation for the insertion support per-
formed by the insertion support apparatus 4 in the ob-
servation and treatment using the bronchoscope is com-
pleted.

[0026] With reference to Figs. 5 to 8, the route setting
processing performed at Step S6 will now be described.
[0027] When a route search button is selected on the
route setting screen 21, the route setting processing of
Step S6 is started. Specifically, a start point input com-
mand window 31 as shown in Fig. 5, which prompts input
of a route start point, is displayed on the route setting
screen 21. Then, a start point 71 is set on one of the
cross-sectional images forming the MPR image 23 by
using a cursor 30 on the route setting screen 21. Upon
setting of the start point 71, the start point 71 is also set
ata corresponding position in each of the other two cross-
sectional images forming the MPR image 23. Further,
the VBS image of the start point 71 is displayed in the
VBS image display area 23d. Furthermore, a biopsy area
input command window 32 as shown in Fig. 6, which
prompts setting of a biopsy area 72, i.e., a route end
point, is displayed on the route setting screen 21.
[0028] Then, the biopsy area 72 is set by tracing it two-
dimensionally on one of the cross-sectional images form-
ing the MPR image 23 by using the cursor 30 on the route
setting screen 21 shown in Fig. 6. The number of the thus
set biopsy area 72 is not limited to one, but a plurality of
the biopsy areas 72 can be specified. Fig. 6 illustrates a
state in which two biopsy areas 72a and 72b are speci-
fied.

[0029] Then, upon completion of the setting of the bi-
opsy areas 72, a route number setting window 33 as
shown in Fig. 7, which is used for setting the number of
search routes for each of the biopsy areas 72, is dis-
played on the route setting screen 21. By setting the
number of search routes for each of the biopsy areas 72,
a plurality of approach routes are searched for each of
the biopsy areas 72 of the navigation target.

[0030] After the start point, the biopsy areas 72, and
the number of search routes have been set as illustrated
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in Figs. 5 to 7, the routes are searched in accordance
with the processing of Fig. 8.

[0031] Thatis, as illustrated in Fig. 8, the set number
of the biopsy areas 72 is detected at Step S11, and a
search route number n is read at Step S12. Then, the
position of the start point 71 is read at Step S13.

[0032] Then, the barycentric position of one of the bi-
opsy areas 72 is extracted at Step S14, and a value ris
adjusted to a value Ar at Step S15. Thereafter, at Step
S16, the interior of a circle having a radius r and centering
on the barycentric position is specified as a search area.
[0033] At Step S17, itis determined whether the bron-
chi are located within the search area. If it is determined
that the bronchi are located within the search area, a
route choice having the position as the end point is de-
termined at Step S18.

[0034] After the route choice has been determined, it
is determined at Step S19 whether the route choice de-
termined at Step S19 has already been registered. If it
is determined that the route choice determined at Step
S19 has not been registered yet, at Step S20, a route
name is generated on the basis of the name of a branch
point connecting the start point and the end point, and
the route choice is registered as a support route.
[0035] Then, at Step S21, itis determined whether the
number of the registered routes is smaller than the route
number n read at Step S12.

[0036] Ifitis determined at Step S17 that the bronchi
are not located within the search area, if it is determined
at Step S19 that the determined route choice has already
been registered, or if it is determined at Step S21 that
the number of the registered routes is smaller than the
route number n, the value r is adjusted to a value r+Ar to
expand the search area. Then, the flow returns to Step
S16.

[0037] If the number of the registered routes reaches
the route number n read at Step S2, it is determined at
Step S23 whether all of the set biopsy areas have been
searched. If it is determined that all of the set biopsy
areas have been searched, the processing ends. If it is
determined that there is any unsearched biopsy area,
the barycentric position of a next biopsy area is extracted
at Step S23, and the flow returns to Step S15.

[0038] Specifically, as illustrated in Fig. 9, if the biopsy
area 72 is specified in a periphery of the bronchi 101, the
barycenter 103 of the biopsy area 72 is extracted.
[0039] Then, asillustrated in Fig. 10, a circle centering
on the barycenter 103 is determined as a search area
104, and the search area 104 is expanded until the bron-
chi are located within the search area 104. A point in the
search area 104 to which the bronchi first reach is deter-
mined as an end point 105. Then, as illustrated in Fig.
11, a first route choice 106 connecting the start point 71
and the end point 105 is determined. If the first route
choice 106 has not been registered yet, the first route
choice 106 is registered as a support route. The name
of the support route is determined on the basis of the
name of a branch point through which the support route
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passes.
[0040] As the first support route has been determined,
as illustrated in Fig. 12, the radius of the search area 104
centering on the barycenter 103 is increased to expand
the search area 104. Then, a position in the search area
104 to which the bronchi next reach is determined as an
end point 107. Thereby, a second route choice 108 con-
necting the start point 71 and the end point 107 is deter-
mined, as illustrated in Fig. 13. If it is determined that the
second route choice 108 has not been registered yet, the
second route choice 108 is registered as a support route.
In Fig. 13, the second route choice 108 is different from
the first support route shown in Fig. 11. Therefore, the
second route choice 108 forms the second support route.
The name of the support route is also determined on the
basis of the name of a branch point through which the
support route passes.

[0041] In the present embodiment, the route number
is three. Therefore, in an exactly similar manner as de-
scribed above, after the second support route has been
determined, as illustrated in Fig. 14, the radius of the
search area 104 centering on the barycenter 103 is fur-
ther increased to expand the search area 104. Then, a
position in the search area 104 to which the bronchi next
reach is determined as an end point 109. Thereby, a third
route choice 110 connecting the start point 71 and the
end point 109 is determined, as illustrated in Fig. 15. If it
is determined that the third route choice 110 has not been
registered yet, the third route choice 110 is registered as
a support route. In Fig. 15, the third route choice 110 is
different from the first and second support routes. There-
fore, the third route choice 110 forms the third support
route. The name of the support route is also determined
on the basis of the name of a branch point through which
the support route passes.

[0042] In this way, the specified number of support
routes can be set. The above processings are performed
for all of the biopsy areas 72, and thus the specified route
number of support routes are set for each of the biopsy
areas 72.

[0043] When a bronchoscopic examination is started
under the insertion support performed by the insert sup-
port apparatus 5 along the thus set support route, an
insertion support screen 51 as shown in Fig. 16 is dis-
played on the monitor 7. Further, another insertion sup-
port screen 51 similar to the insertion support screen 51
displayed on the monitor 7 is also displayed on the mon-
itor 6.

[0044] Theinsertion supportscreen 51includes anen-
doscope live image display area 52 for displaying the live
image sent by the bronchoscope device 3, a VBS image
display area 53 for displaying a VBS image 53a, and a
branch thumbnail VBS image area 54 for displaying
branch thumbnail VBS images 54(a) to 54(j) which are
reduced size images of the VBS image 53a at all of the
branch points on the route. The VBS image 53a is dis-
played in the VBS image display area 53 as a virtual
image corresponding to one of the branch points at which
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the live image is located.

[0045] One of the branch thumbnail VBS images sim-
ilar to the VBS image 53a displayed in the VBS image
display area 53 is framed in color or by a bold line to be
distinguished from the other branch thumbnail VBS im-
ages. Accordingly, a surgeon can easily recognize which
one of the branch images corresponds to the VBS image
displayed in the VBS image display area 53.

[0046] Asillustratedin Fig. 17, all of the support routes
may be displayed on the MPR image 23 at the same
time, with the respective support routes marked with dif-
ferent colors. As described above, the start point and the
biopsy areas are specified on the MPR image 23. How-
ever, the specification of the start point and the biopsy
areas is not limited thereto. Therefore, as illustrated in
Fig. 18, a three-dimensional image 151 of the bronchi
may be displayed on the route setting screen 21 so that
the start point 71 and the biopsy area 72 are specified
on the three-dimensional image 151 to perform the route
search.

Embodiment 2

[0047] Asillustratedin Fig. 19, a bronchiinsertion sup-
port system 301 according to the present Embodiment 2
includes a bronchoscope device 303 and an insertion
support apparatus 305.

[0048] The insertion support apparatus 305 supports
insertion of the bronchoscope device 303 into the bronchi
by generating a virtual endoscope image (hereinafter re-
ferred to as a VBS image) of the interior of the bronchi
onthe basis of CT image data, combining the VBS image
with an endoscope image (hereinafter referred to as a
live image) obtained by the bronchoscope device 303,
and displaying a resultant image on a monitor 306.
[0049] The bronchoscope device 303 includes a bron-
choscope having image picking-up means, a light source
for supplying illuminating light to the bronchoscope, a
camera controlling unit for performing signal processing
on an image pickup signal sent by the bronchoscope,
and the like, which are not illustrated in the figure. The
bronchoscope device 303 inserts the bronchoscope into
the bronchi of a patient, captures images of the interior
ofthe bronchi, performs a biopsy to examine target tissue
located at a periphery of the bronchi, combines the live
image with the VBS image, and displays a resultant im-
age on a monitor 307.

[0050] The monitor 307 includes an input unit 308 hav-
ing a touch screen so that a user can easily operate the
input unit 308 including the touch screen while performing
an insertion procedure.

[0051] The insertion support apparatus 305 includes
a CT image data reading unit 11 which reads three-di-
mensional image data generated by a known CT appa-
ratus (not illustrated) that captures X-ray cross-sectional
images of a patient, through a portable data storage me-
dium, such as an MO (Magnetic Optical disk) device, a
DVD (Digital Versatile Disk) device, or the like, for exam-
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ple; and a CT image data storing unit 312 which stores
the CT image data read by the CT image data reading
unit 311. The insertion support apparatus 305 further in-
cludes an organ extracting unit 320 which extracts seg-
mentation, i.e., three-dimensional information of the
bronchi that is a predetermined organ from the CT image
data stored in the CT image data storing unit 312; and
an MPR image generating unit 313 which generates an
MPR image (a multi-planar reformatted image) on the
basis of the CT image data stored in the CT image data
storing unit 312 and which displays a bronchi cross-sec-
tional image of the bronchi extracted by the organ ex-
tracting unit 320 by superimposing the bronchi cross-sec-
tional image on the MPR image. The insertion support
apparatus 305 further includes a route setting unit 314
which generates a route setting screen (later described)
including the MPR image generated by the MPR image
generating unit 313 and which sets a support route (here-
inafter simply referred to as a route) for guiding the bron-
choscope device 303 to the bronchi. The insertion sup-
port apparatus 305 further includes a VBS image gener-
ating unit 315 which generates successive VBS images
of the route set by the route setting unit 314 in frame units
on the basis of the CT image data stored in the CT image
data storing unit 312; and a VBS image storing unit 316
which stores the VBS images generated by the VBS im-
age generating unit 315. The insertion support apparatus
305 further includes an image processing unit 317 which
receives inputs of the image pickup signal sent by the
bronchoscope device 3 and an input signal sent by the
input unit 8 and which generates an insertion support
screen (later described) including the live image, the VBS
image, and a plurality of thumbnail VBS images; and an
image display controlling unit 318 which displays, on the
monitor 306, the route setting screen generated by the
route setting unit 314 and the insertion support screen
generated by the image processing unit 317. The inser-
tion support apparatus 305 further includes an input de-
vice 319 whichincludes a keyboard and a pointing device
for inputting set information in the route setting unit 314.
[0052] The bronchoscope device 303 receives the
VBS image and the thumbnail VBS images from the im-
age processing unit 317 of the insertion support appara-
tus 305, combines the received VBS image and thumb-
nail VBS images with the live image, and displays a re-
sultant image on the monitor 307. Further, the broncho-
scope device 303 outputs input information sent by the
input unit 308 which includes the touch screen of the
monitor 7, to the image processing unit 317 of the inser-
tion support apparatus 305.

[0053] The CT image data storing unit 312 and the
VBS image storing unit 316 may be formed by one hard
disk. Further, the MPR image generating unit 313, the
route setting unit 314, the VBS image generating unit
315, and the image processing unit 317 may be formed
by one arithmetic processing circuit. The CT image data
reading unit 311 described above reads the CT image
data through the portable data storage medium, such as

10

15

20

25

30

35

40

45

50

55

the MO, the DVD, or the like. If a CT apparatus or an in-
house server which stores the CT image data is connect-
ed to an in-house LAN, the CT image data reading unit
311 may be formed by an interface circuit connectable
to the in-house LAN so that the CT image data is read
through the in-house LAN.

[0054] Operations according to the thus configured
present embodiment will now be described.

[0055] Asillustrated in Fig. 20, prior to observation and
treatment using the bronchoscope device 303, in the in-
sertion support apparatus 305, the CT image data read-
ing unit 311 reads the CT image data of the patient gen-
erated by the CT apparatus at Step S301. The thus read
CT image data is stored in the CT image data storing unit
312 at Step S302.

[0056] AtStep S303, the route setting unit 314 displays
a patient information selection screen 322 as shown in
Fig. 21 on the monitor 6, and patient information is se-
lected on the patient information selection screen 22. As
a route setting button 323 on the patient information se-
lection screen 322 is selected with a pointer 324 through
the operation of the input device 319, the MPR image
generating unit 313 generates MPR images including,
for example, three different multi-planar images of the
selected patient at Step S304. Thereby, a route setting
screen 326 as shown in Fig. 22 is displayed on the mon-
itor 306. The route setting screen 326 includes an MPR
image 325 which includes an axial image 325a, a coronal
image 325b, and a sagittal image 325c¢, and a route in-
formation screen 328 which displays route information.
[0057] The selection of the patient information by the
route setting unit 314 on the patient information selection
screen 322 is performed by inputting through the input
device 319 a patient ID which identifies one of the pa-
tients.

[0058] Then, at Step S305, the organ extracting unit
320 extracts the bronchi that is a predetermined organ
from the CT image data stored in the CT image data
storing unit 312, and bronchi cross-sectional images 327
of the extracted bronchi are generated and output to the
MPR image generating unit 313. Then, as illustrated in
Fig. 22, the bronchi cross-sectional images 327 of the
extracted bronchi are superimposed and displayed on
the MPR image 325.

[0059] The axial image 325a, the coronal image 325b,
and the sagittal image 325¢ forming the MPR image 325
are monochrome images, for example. Meanwhile, the
bronchi cross-sectional images 327 superimposed on
the MPR image 325 are blue images (i.e., hatched im-
ages in Fig. 22), for example. Thereby, the axial image
325a, the coronal image 325b, and the sagittal image
325c¢ forming the MPR image 325 are displayed to be
visually distinguished from the bronchi cross-sectional
images 327.

[0060] Then, at Step S306, the route setting process-
ing (later described) is performed on a route setting
screen 321 to set a route for supporting insertion of the
bronchoscope in the bronchi.
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[0061] When the route for supporting the insertion has
been set, successive VBS images of the entirety of the
set route are generated in frame units by the VBS image
generating unit 315 at Step S307. The generated VBS
images are stored in the VBS image storing unit 316 at
Step S308.

[0062] As the above processings of Steps S301 to
S308 are performed, preparation for the insertion support
performed by the insertion support apparatus 5 in the
observation and treatment using the bronchoscope is
completed.

[0063] Withreference to Figs. 22 to 26, a characteristic
of a method of displaying the MPR image 325 and the
bronchi cross-sectional images 327 superimposed ther-
eon will now be described.

[0064] On the route setting screen 326 shown in Fig.
22, a transparency setting box 330 on the route informa-
tion area 328 is operated with the pointer 324 by using
the input device 319. Thereby, the transparency on the
monitor 306 can be set for each of the MPR image 325
and the bronchi cross-sectional images 327 which are
extracted luminal organ images superimposed on the
MPR image 325. Fig. 22 illustrates an example display
of the MPR image 325 and the bronchi cross-sectional
images 327, in which the transparency is set to be 0%
for both of the MPR image 325 and the bronchi cross-
sectional images 327.

[0065] Specifically, the transparency setting box 330
includes an MPR image transparency adjusting button
330a and an extracted luminal organ image transparency
adjusting button 330b. As the MPR image transparency
adjusting button 330a and the extracted luminal organ
image transparency adjusting button 330b are operated
with the pointer 324 by using the input device 319, the
transparency of the MPR image 325 and the bronchi
cross-sectional images 327 can be increased or de-
creased.

[0066] Fig. 23 illustrates an example display in which
the transparency of the MPR image 325 is set to be 0%
and the transparency of the bronchi cross-sectional im-
ages 327 is set to be 50%. Fig. 24 illustrates an example
display in which the transparency of the MPR image 325
is set to be 0% and the transparency of the bronchi cross-
sectional images 327 is set to be 100%. As illustrated in
Figs. 22 to 24, enhanced display of the bronchi cross-
sectional images 327 against the MPR image 325 (Figs.
22 and 23) and assimilation display of assimilating the
bronchi cross-sectional images 327 into the MPR image
325 (Fig. 24) can be performed by changing the trans-
parency of the bronchi cross-sectional images 327.
[0067] Fig. 25 illustrates an example display in which
the transparency of the MPR image 325 is set to be 50%
and the transparency of the bronchi cross-sectional im-
ages 327 is set to be 0%. Fig. 26 illustrates an example
display in which the transparency of the MPR image 325
is set to be 100% and the transparency of the bronchi
cross-sectional images 327 is set to be 0%. As illustrated
in Figs. 22, 25, and 26, the enhanced display of the bron-
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chi cross-sectional images 327 against the MPR image
325 (Figs. 22 and 25) and bronchi isolation display of
only displaying the bronchi cross-sectional images 327
(Fig. 26) can be performed by changing the transparency
of the MPR image 325.

[0068] As described above, as the MPR image trans-
parency adjusting button 330a and the extracted luminal
organ image transparency adjusting button 330b are op-
erated, the transparency of the MPR image 325 and the
bronchi cross-sectional images 327 can be arbitrarily in-
creased or decreased. Further, since the bronchi cross-
sectional images 327 obtained by the luminal organ ex-
traction of the bronchi on the basis of the CT image data
are superimposed and displayed on the MPR image 325
with a desired enhancement degree, a surgeon can
check the location of the bronchi on the MPR image 325
while observing the ordinary MPR image 325.

[0069] Needless to say, the above is not limited to the
case of the bronchi but can apply to a case in which the
location of another luminal organ, such as an intestinal
tract and a biliary tract, for example, is checked with the
MPR image 325.

[0070] The route setting processing of Step S306 per-
formed by the route setting unit 314 will now be described
with reference to Figs. 27 to 37.

[0071] Asiillustrated in Fig. 27, a marker indicating the
position of the end point of the insertion support into the
bronchi is obtained on the MPR image at Step S321.
Specifically, as illustrated in Fig. 29, when a position on
the axial screen 325a of the MPR image 325, forexample,
is clicked with the pointer 324, a marker 400 is displayed
at the position at which the clicking has been performed.
At the same time, the marker 400 is also displayed at a
corresponding position in each of the coronalimage 325b
and the sagittal image 325c.

[0072] When an add button 411 on the route informa-
tion area 328 is selected with the pointer 324, the route
setting unit 314 obtains a three-dimensional coordinate
of the marker 400 specified on the axial screen 325a, the
coronal image 325b, and the sagittal image 325c.
[0073] AsillustratedinFig. 30, the marker 100 includes
a mark point 400a which indicates the point at which the
clicking has been performed by the pointer 324, and a
region line 400b which indicates a predetermined region
including the mark point 400a such that the mark point
400a can be visually recognized on the MPR image 325.
Therefore, the surgeon can easily check the position of
the marker 400 by visually recognizing the region line
400b on the MPR image 325.

[0074] Then, at Step S322, it is determined whether
the marker 400 is located within the bronchi. If it is de-
termined thatthe marker 400 is located within the bronchi,
a mark point is registered on a passing point list at Step
S323. Ifitis determined that the marker 400 is not located
within the bronchi, a confirmation window 440 as shown
in Fig. 37 is displayed at Step S328. If the surgeon has
specified the mark point outside the bronchi and selects
"YES," the mark point is registered on the passing point
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list. The three-dimensional coordinate of the marker 400
registered on the passing point list is displayed with a
number in aregistered information area 412 (refer to Figs.
29 and 32) on the route information area 328.

[0075] Further, a passing point confirmation window
405 as shown in Fig. 31 may be displayed. The passing
point confirmation window 405 is a window used for con-
firming the marker 400 on a bronchi image 406 which is
displayed three-dimensionally. With the passing point
confirmation window 405, the surgeon determines
whether the marker 400 has been placed at a predeter-
mined position within the bronchi.

[0076] Then, a process of registering the marker 400
on the passing point list is repeated for each of passing
points leading to a desired position.

[0077] Fig.32illustrates a state in which a sixth passing
pointis newly specified by the marker 400 after five pass-
ing points have been registered. As illustrated on the
MPR image 325 shown in Fig. 32, the already registered
five passing points 400a are displayed as green points,
for example. Further, in the passing point confirmation
window 405, the already registered five passing points
400a are displayed as green points, while the sixth pass-
ing point 421 is displayed as a red point, for example.
[0078] For example, in specifying the sixth passing
point with the marker 400 on the MPR image 325 shown
in Fig. 32, if it is determined with the passing point con-
firmation window 405 shown in Fig. 34 that a current
passing point 421 has been marked at a position within
the bronchi not suitable for the insertion support with re-
spect to the previously specified passing point on the
bronchi image 406, the specification of the marker 400
can be cancelled by selecting a delete button 414 on the
route information area 328 shown in Fig. 32 with the point-
er 324. If a delete-all button 415 is selected, all of the
passing points including the current passing point 421
are deleted.

[0079] As illustrated in the passing point confirmation
window 405 of Fig. 35, after the desired passing points
connecting the end point 407 and the desired start point
425 at which the insertion support is started have been
thus registered on the passing point list, the surgeon de-
termines whether interpolation of the passing points
needs to be performed.

[0080] If a route interpolation button 416 is selected, a
predetermined interpolation processing (e.g., linear in-
terpolation between the passing points) is performed at
Step S326 of Fig. 28.

[0081] This interpolation processing is performed by
interpolating a plurality of virtual points at predetermined
intervals between the passing points in the bronchi. The
interpolation interval of the virtual points can be arbitrarily
set with an interpolation interval box 417 on the route
information area 328.

[0082] Then, aroute 430 formed by the passing points
including the virtual points is registered on the passing
point list at Step S327.

[0083] However, the passing points registered at Step
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S327 are not necessarily located within the bronchi. If
the interpolation processing has been performed outside
the bronchi, the passing point not located within the bron-
chi is deleted from the passing point list at Step S329
after the processing of Step S327 has been performed.
Then, the interpolation processing is completed, and the
route 430 is displayed on the passing point confirmation
window 405 shown in Fig. 36.

[0084] After the route 430 has been thus set by the
route setting unit 314, the flow moves to the processing
of Step S307 of Fig. 20. As described above, the VBS
image generating unit 315 generates the successive VBS
images in frame units along the set route 430 at Step
S307, and the thus generated VBS images are stored in
the VBS image storing unit 316 at Step S308.

[0085] Description will now be made of an insertion
support screen used in the insertion support performed,
during the observation and the treatment, by the insertion
support apparatus 5 and the bronchoscope device 303
for which the route has been set as described above. To
simplify explanation, the following description will be
made of a case in which the route has ten branch points,
as one example.

[0086] Whenthe bronchoscopic examination is started
under the insertion support by the insertion support ap-
paratus 305, an insertion support screen 451 shown in
the figure is displayed on the monitor 306.

[0087] The insertion support screen 451 includes an
endoscope live image display area 452 for displaying a
live image 452a sent by the bronchoscope device 303,
aVBSimagedisplay area 453 for displayinga VBS image
453a, and a branch thumbnail VBS image area 454 for
displaying branch thumbnail VBS images 454(a) to 454
(j) which are reduced size images of the VBS image 453a
atall of the branch points along the route. The VBS image
453a of the first branch point of the route is displayed in
the VBS image display area 453, and the branch thumb-
nail VBS images 454(a) to 454(j) of all of the branch points
are displayed in the branch thumbnail VBS image area
454.

[0088] A navigation maker455is displayed onthe VBS
image 453a such that the navigation maker 455 is su-
perimposed on a route hole leading into the route. Fur-
ther, one of the branch thumbnail VBS images similar to
the VBS image 453a displayed in the VBS image display
area 453 is framed in color or by a bold line to be distin-
guished from the other branch thumbnail VBS images.
Accordingly, the surgeon can easily recognize which one
of the branch images corresponds to the VBS image dis-
played in the VBS image display area 453. In an initial
stage, the branch thumbnail VBS image 454(a) is framed
in color or by a bold line.

Embodiment 3
[0089] Asillustratedin Fig. 39, a bronchi insertion sup-

port system 501 according to the present Embodiment 3
includes a bronchoscope device 503 and an insertion
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support apparatus 505.

[0090] The insertion support apparatus 505 supports
insertion of the bronchoscope device 503 into the bronchi
by generating a virtual endoscope image (hereinafter re-
ferred to as a VBS image) of the interior of the bronchi
on the basis of CT image data, combining the VBS image
with an endoscope image (hereinafter referred to as a
live image) obtained by the bronchoscope device 503,
and displaying a resultant image on a monitor 506.
[0091] The bronchoscope device 503 includes a bron-
choscope having image picking-up means, a light source
for supplying illuminating light to the bronchoscope, a
camera controlling unit for performing signal processing
on an image pickup signal sent by the bronchoscope,
and the like, which are not illustrated in the figure. The
bronchoscope device 503 inserts the bronchoscope into
the bronchi of a patient, captures images of the interior
of the bronchi, performs a biopsy to examine target tissue
located at a periphery of the bronchi, combines the live
image with the VBS image, and displays a resultant im-
age on a monitor 507.

[0092] The monitor 507 includes an input unit 508 hav-
ing a touch screen so that a user can easily operate the
input unit 508 including the touch screen while performing
an insertion procedure.

[0093] The insertion support apparatus 505 includes
a CT image data reading unit 511 which reads three-
dimensional image data generated by a known CT ap-
paratus (not illustrated) that captures X-ray cross-sec-
tionalimages of a patient, through a portable data storage
medium, such as an MO (Magnetic Optical disk) device,
a DVD (Digital Versatile Disk) device, or the like, for ex-
ample; and a CT image data storing unit 512 which stores
the CT image data read by the CT image data reading
unit 511. The insertion support apparatus 505 further in-
cludes an organ extracting unit 520 which extracts seg-
mentation, i.e., three-dimensional information of the
bronchi that is a predetermined organ from the CT image
data stored in the CT image data storing unit 512; and
an MPR image generating unit 513 which generates an
MPR image (a multi-planar reformatted image) on the
basis of the CT image data stored in the CT image data
storing unit 512 and which displays a bronchi cross-sec-
tional image of the bronchi extracted by the organ ex-
tracting unit 520 by superimposing the bronchi cross-sec-
tional image on the MPR image. The insertion support
apparatus 505 further includes a route setting unit 514
which generates a route setting screen (later described)
including the MPR image generated by the MPR image
generating unit 513 and which sets a support route (here-
inafter simply referred to as a route) for guiding the bron-
choscope device 3 to the bronchi. The insertion support
apparatus 505 further includes a VBS image generating
unit 515 which generates successive VBS images of the
route set by the route setting unit 514 in frame units on
the basis of the CT image data stored in the CT image
data storing unit 512; and a VBS image storing unit 516
which stores the VBS images generated by the VBS im-
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age generating unit 515. The insertion support apparatus
505 further includes an image processing unit 517 which
receives inputs of the image pickup signal sent by the
bronchoscope device 3 and an input signal sent by the
input unit 508 and which generates an insertion support
screen (later described) including the live image, the VBS
image, and a plurality of thumbnail VBS images; and an
image display controlling unit 518 which displays, on the
monitor 506, the route setting screen generated by the
route setting unit 514 and the insertion support screen
generated by the image processing unit 517. The inser-
tion support apparatus 505 further includes an input de-
vice 519 whichincludes a keyboard and a pointing device
for inputting set information in the route setting unit 514.
[0094] The bronchoscope device 503 receives the
VBS image and the thumbnail VBS images from the im-
age processing unit 517 of the insertion support appara-
tus 5, combines the received VBS image and thumbnail
VBS images with the live image, and displays a resultant
image on the monitor 507. Further, the bronchoscope
device 503 outputs input information sent by the input
unit 508 which includes the touch screen of the monitor
7, to the image processing unit 517 of the insertion sup-
port apparatus 5.

[0095] The CT image data storing unit 512 and the
VBS image storing unit 516 may be formed by one hard
disk. Further, the MPR image generating unit 513, the
route setting unit 514, the VBS image generating unit
515, and the image processing unit 517 may be formed
by one arithmetic processing circuit. The CT image data
reading unit 511 described above reads the CT image
data through the portable data storage medium, such as
the MO, the DVD, or the like. If a CT apparatus or an in-
house server which stores the CT image data is connect-
ed to an in-house LAN, the CT image data reading unit
511 may be formed by an interface circuit connectable
to the in-house LAN so that the CT image data is read
through the in-house LAN.

[0096] Operations according to the thus configured
present embodiment will now be described.

[0097] Asillustrated in Fig. 40, prior to observation and
treatment using the bronchoscope device 503, in the in-
sertion support apparatus 5, the CT image data reading
unit511 reads the CT image data of the patient generated
by the CT apparatus at Step S501. The thus read CT
image data is stored in the CT image data storing unit
512 at Step S502.

[0098] At Step S503, the route setting unit 14 displays
a patient information selection screen 522 as shown in
Fig. 41 on the monitor 506, and patient information is
selected on the patient information selection screen 522.
As a route setting button 523 on the patient information
selection screen 522 is selected with a pointer 524
through the operation of the input device 519, the MPR
image generating unit 513 generates MPR images in-
cluding, for example, three different multi-planar images
of the selected patient at Step S504. Thereby, a route
setting screen 526 as shown in Fig. 42 is displayed on
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the monitor 506. The route setting screen 526 includes
an MPR image 525 which includes an axial image 525a,
a coronal image 525b, and a sagittal image 525c, and a
route information screen 528 which displays route infor-
mation.

[0099] The selection of the patient information by the
route setting unit 514 on the patient information selection
screen 522 is performed by inputting through the input
device 519 a patient ID which identifies one of the pa-
tients.

[0100] Then, at Step S505, the organ extracting unit
520 extracts the bronchi that is a predetermined organ
from the CT image data stored in the CT image data
storing unit 512, and bronchi cross-sectional images 527
of the extracted bronchi are generated and output to the
MPR image generating unit 513. Then, as illustrated in
Fig. 42, the bronchi cross-sectional images 527 of the
extracted bronchi are superimposed and displayed on
the MPR image 325.

[0101] The axial image 525a, the coronal image 525b,
and the sagittal image 525c forming the MPR image 525
are monochrome images, for example. Meanwhile, the
bronchi cross-sectional images 527 superimposed on
the MPR image 525 are blue images (i.e., hatched im-
ages in Fig. 42), for example. Thereby, the axial image
525a, the coronal image 525b, and the sagittal image
525¢ forming the MPR image 525 are displayed to be
visually distinguished from the bronchi cross-sectional
images 527.

[0102] Then, at Step S506, the route setting process-
ing (later described) is performed on the route setting
screen 521 to set a route for supporting insertion of the
bronchoscope in the bronchi.

[0103] When the route for supporting the insertion has
been set, successive VBS images of the entirety of the
set route are generated in frame units by the VBS image
generating unit 515 at Step S507. The generated VBS
images are stored in the VBS image storing unit 516 at
Step S508.

[0104] As the above processings of Steps S501 to
S508 are performed, preparation for the insertion support
performed by the insertion support apparatus 5 in the
observation and treatment using the bronchoscope is
completed.

[0105] Withreference toFigs. 42 to 46, a characteristic
of a method of displaying the MPR image 525 and the
bronchi cross-sectional images 527 superimposed ther-
eon will now be described.

[0106] On the route setting screen 526 shown in Fig.
42, a transparency setting box 530 on the route informa-
tion area 528 is operated with the pointer 524 by using
the input device 519. Thereby, the transparency on the
monitor 506 can be set for each of the MPR image 525
and the bronchi cross-sectional images 527 which are
extracted luminal organ images superimposed on the
MPR image 525. Fig. 42 illustrates an example display
of the MPR image 525 and the bronchi cross-sectional
images 527, in which the transparency is set to be 0%
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for both of the MPR image 525 and the bronchi cross-
sectional images 527.

[0107] Specifically, the transparency setting box 530
includes an MPR image transparency adjusting button
530a and an extracted luminal organimage transparency
adjusting button 530b. As the MPR image transparency
adjusting button 530a and the extracted luminal organ
image transparency adjusting button 330b are operated
with the pointer 524 by using the input device 519, the
transparency of the MPR image 525 and the bronchi
cross-sectional images 527 can be increased or de-
creased.

[0108] Fig. 43 illustrates an example display in which
the transparency of the MPR image 525 is set to be 0%
and the transparency of the bronchi cross-sectional im-
ages 527 is set to be 50%. Fig. 44 illustrates an example
display in which the transparency of the MPR image 525
is set to be 0% and the transparency of the bronchi cross-
sectional images 527 is set to be 100%. As illustrated in
Figs. 42 to 44, the bronchi cross-sectional images 527
can be enhanced against or assimilated into MPR image
525 by changing the transparency of the bronchi cross-
sectional images 527.

[0109] Fig. 45 illustrates an example display in which
the transparency of the MPR image 525 is set to be 50%
and the transparency of the bronchi cross-sectional im-
ages 527 is set to be 0%. Fig. 46 illustrates an example
display in which the transparency of the MPR image 525
is set to be 100% and the transparency of the bronchi
cross-sectional images 527 is set to be 0%. As illustrated
in Figs. 42, 45, and 46, only the bronchi cross-sectional
images 527 can be displayed by changing the transpar-
ency of the MPR image 525.

[0110] As described above, as the MPR image trans-
parency adjusting button 530a and the extracted luminal
organ image transparency adjusting button 530b are op-
erated, the transparency of the MPR image 525 and the
bronchi cross-sectional images 527 can be arbitrarily in-
creased or decreased. Further, since the bronchi cross-
sectional images 527 obtained by the luminal organ ex-
traction of the bronchi on the basis of the CT image data
are superimposed and displayed on the MPR image 525
with a desired enhancement degree, a surgeon can
check the location of the bronchi on the MPR image 525
while observing the ordinary MPR image 525.

[0111] The route setting processing of Step S506 per-
formed by the route setting unit 514 will now be described
with reference to Figs. 47 to 57.

[0112] Asillustrated in Fig. 47, a marker indicating the
position of the end point of the insertion support into the
bronchi is obtained on the MPR image at Step S521.
Specifically, as illustrated in Fig. 49, if a position on the
axial screen 525a of the MPR image 525, for example,
is clicked with the pointer 524, a marker 600 is displayed
at the position at which the clicking has been performed.
At the same time, the marker 600 is also displayed at a
corresponding position in each of the coronal image 525b
and the sagittal image 525c.
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[0113] When an add button 611 on the route informa-
tion area 528 is selected with the pointer 524, the route
setting unit 514 obtains a three-dimensional coordinate
of the marker 600 specified on the axial screen 525a, the
coronal image 525b, and the sagittal image 525c.
[0114] AsillustratedinFig. 50, the marker 600 includes
a mark point 600a which indicates the point at which the
clicking has been performed by the pointer 524, and a
region line 600b which indicates a predetermined region
including the mark point 600a such that the mark point
600a can be visually recognized on the MPR image 525.
Therefore, the surgeon can easily check the position of
the marker 600 by visually recognizing the region line
600b on the MPR image 525.

[0115] Then, at Step S522, it is determined whether
the marker 100 is located within the bronchi. If it is de-
termined that the marker 100 is located within the bronchi,
a mark point is registered on a passing point list at Step
S523. Ifitis determined that the marker 100 is not located
within the bronchi, a confirmation window 640 as shown
in Fig. 57 is displayed at Step S528. If the surgeon has
specified the mark point outside the bronchi and selects
"YES," the mark point is registered on the passing point
list. The three-dimensional coordinate of the marker 600
registered on the passing point list is displayed with a
number in aregistered information area 612 (refer to Figs.
49 and 52) on the route information area 528.

[0116] Further, a passing point confirmation window
605 as shown in Fig. 51 may be displayed. The passing
point confirmation window 605 is a window used for con-
firming the marker 600 on a bronchi image 606 which is
displayed three-dimensionally. With the passing point
confirmation window 605, the surgeon determines
whether the marker 600 has been placed at a predeter-
mined position within the bronchi.

[0117] Then, a process of registering the marker 600
on the passing point list is repeated for each of passing
points leading to a desired position.

[0118] Fig.52illustrates a state in which a sixth passing
pointis newly specified by the marker 600 after five pass-
ing points have been registered. As illustrated on the
MPR image 525 shown in Fig. 52, the already registered
five passing points 600a are displayed as green points,
for example. Further, in the passing point confirmation
window 605, the already registered five passing points
600a are displayed as green points, while the sixth pass-
ing point 621 is displayed as a red point, for example.
[0119] For example, in specifying the sixth passing
point with the marker 600 on the MPR image 525 shown
in Fig. 52, if it is determined with the passing point con-
firmation window 605 shown in Fig. 54 that a current
passing point 621 has been marked at a position within
the bronchi not suitable for the insertion support with re-
spect to the previously specified passing point on the
bronchi image 606, the specification of the marker 600
can be cancelled by selecting a delete button 614 on the
route information area 528 shown in Fig. 52 with the point-
er 524. If a delete-all button 615 is selected, all of the
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passing points including the current passing point 621
are deleted.

[0120] As illustrated in the passing point confirmation
window 605 of Fig. 55, after the desired passing points
connecting the end point 607 and the desired start point
625 at which the insertion support is started have been
thus registered on the passing point list, the surgeon de-
termines whether interpolation of the passing points
needs to be performed.

[0121] If aroute interpolation button 616 is selected, a
predetermined interpolation processing (e.g., linear in-
terpolation between the passing points) is performed at
Step S526 of Fig. 48.

[0122] This interpolation processing is performed by
interpolating a plurality of virtual points at predetermined
intervals between the passing points in the bronchi. The
interpolation interval of the virtual points can be arbitrarily
set with an interpolation interval box 617 on the route
information area 528.

[0123] Then, aroute 630 formed by the passing points
including the virtual points is registered on the passing
point list at Step S527.

[0124] However, the passing points registered at Step
S527 are not necessarily located within the bronchi. If
the interpolation processing has been performed outside
the bronchi, the passing point not located within the bron-
chi is deleted from the passing point list at Step S529
after the processing of Step S527 has been performed.
Then, the interpolation processing is completed, and the
route 630 is displayed on the passing point confirmation
window 605 shown in Fig. 56.

[0125] After the route 630 has been thus set by the
route setting unit 514, the flow moves to the processing
of Step S507 of Fig. 40. As described above, the VBS
image generating unit 515 generates the successive VBS
images in frame units along the set route 630 at Step
S507, and the thus generated VBS images are stored in
the VBS image storing unit 516 at Step S508.

[0126] Description will now be made of an insertion
support screen used in the insertion support performed,
during the observation and the treatment, by the insertion
support apparatus 505 and the bronchoscope device 503
for which the route has been set as described above. To
simplify explanation, the following,description will be
made of a case in which the route has ten branch points,
as one example.

[0127] Whenthe bronchoscopic examination is started
under the insertion support by the insertion support ap-
paratus 505, an insertion support screen 651 as shown
in the figure is displayed on the monitor 506.

[0128] The insertion support screen 651 includes an
endoscope live image display area 652 for displaying a
live image 652a sent by the bronchoscope device 503,
aVBSimage display area 653 for displayinga VBS image
653a, and a branch thumbnail VBS image area 654 for
displaying branch thumbnail VBS images 654(a) to 654
(j) which are reduced size images of the VBS image 653a
atall of the branch points along the route. The VBS image
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153a of the first branch point of the route is displayed in
the VBS image display area 653, and the branch thumb-
nail VBS images 654(a) to 654(j) of all of the branch points
are displayed in the branch thumbnail VBS image area
654.

[0129] A navigation maker 655 is displayed onthe VBS
image 653a such that the navigation maker 655 is su-
perimposed on a route hole leading into the route. Fur-
ther, one of the branch thumbnail VBS images similar to
the VBS image 653a displayed in the VBS image display
area 653 is framed in color or by a bold line to be distin-
guished from the other branch thumbnail VBS images.
Accordingly, the surgeon can easily recognize which one
of the branch images corresponds to the VBS image dis-
played in the VBS image display area 653. In an initial
stage, the branch thumbnail VBS image 654(a) is framed
in color or by a bold line.

[0130] As described above, in the present embodi-
ment, the route is set by specifying the passing points
with the desired intervals for connecting the end point
and the start point in the bronchi and by performing the
interpolation processing for a specified segment of be-
tween the end point and one of the passing points, be-
tween the passing points, and between another one of
the passing points and the start point. Accordingly, an
optimal route for the insertion of the endoscope (i.e., in-
sertion support route) connecting the start point and the
end point along a duct in the bronchi can be obtained by
calculation.

[0131] The present invention is not limited to the em-
bodiments described above but can be modified or al-
tered in various ways within a scope not changing the
gist of the present invention.

Claims
1. Aninsertion support system comprising:

virtual image generating means for generating
virtual images of a duct in a body cavity in a
subject on the basis of image data of a three-
dimensional region in the subject;

route start point setting means for setting a start
point of an insertion route for inserting an endo-
scope into the duct in the body cavity in the sub-
ject;

interest region setting means for setting a region
of interest location in the subject; and

route end point extracting means for extracting
an end point of the insertion route for inserting
the endoscope into the duct in the body cavity
in the subject, on the basis of the region of in-
terest location.

2. The insertion support system according to Claim 1,
wherein the route end point extracting means in-
cludes:
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barycenter calculating means for calculating the
barycenter of the region of interest location; and
position extracting means for extracting a posi-
tion of the duct in the body cavity near the bary-
center.

3. The insertion support system according to Claim 2,
wherein the position extracting means extracts a plu-
rality of positions of the duct in the body cavity near
the barycenter.

4. Aninsertion support method comprising:

avirtual image generating step of generating vir-
tual images of a ductin a body cavity in a subject
on the basis of image data of a three-dimension-
al region in the subject;

route start point setting means for setting a start
point of an insertion route for inserting an endo-
scope into the duct in the body cavity in the sub-
ject;

an interest region setting step of setting a region
of interest location in the subject; and

a route end point extracting step of extracting
an end point of the insertion route for inserting
the endoscope into the duct in the body cavity
in the subject, on the basis of the region of in-
terest location.

5. A multi-planar reformatted image generating appa-
ratus comprising:

multi-planar reformatted image generating
means for generating a multi-planar reformatted
image of a region in a subject on the basis of
image data of a three-dimensional region in the
subject;

luminal organ information extracting means for
extracting information concerning the shape of
the three-dimensional region of a predetermined
luminal organ, on the basis of the image data of
the three-dimensional region in the subject; and
extracted luminal organ image superimposing
means for superimposing an extracted luminal
organ image, in which a result of the luminal or-
gan extraction is reflected, on the multi-planar
reformatted image.

6. The multi-planar reformatted image generating ap-
paratus according to Claim 5, comprising:

extracted luminal organ image transparency
changing means for changing the transparency
of the extracted luminal organ image superim-
posed on the multi-planar reformatted image.

7. The multi-planar reformatted image generating ap-
paratus according to any one of Claims 5 and 6, com-
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prising:

multi-planar reformatted image transparency
changing means for changing the transparency
of the multi-planar reformatted image on which
the extracted luminal organ image is superim-
posed.

8. An insertion support system comprising:

multi-planar reformatted image generating
means for generating a multi-planar reformatted
image of a region in a subject on the basis of
image data of a three-dimensional region in the
subject;

end point coordinate specifying means for spec-
ifying, on the multi-planar reformatted image, a
coordinate of the three-dimensional region of a
desired end point at a distal end of a duct in a
body cavity of a luminal organ in the subject;
passing point coordinate specifying means for
specifying a coordinate of the three-dimensional
region of a desired passing point of the duct in
the body cavity apart from the end point by a
predetermined distance; and

coordinate specification controlling means for
determining whether the passing point is a de-
sired start point at a proximal end of the duct in
the body cavity, and if the first passing point is
not the desired start point, controlling the pass-
ing point coordinate specifying means to specify
a coordinate of the three-dimensional region of
a new desired passing point of the duct in the
body cavity apart from the first passing point by
a predetermined distance.

9. The insertion support system according to Claim 8,

comprising:

luminal organ extracting means for extracting
segmentation, which is data of the shape of the
three-dimensional region of the luminal organ,
on the basis of the image data of the three-di-
mensional region in the subject; and
coordinate position identifying means for deter-
mining whether either one of the coordinate of
the three-dimensional region of the end point
specified by the end point coordinate specifying
means and the coordinate of the three-dimen-
sional region of the passing point specified by
the passing point coordinate specifying means
is located within the three-dimensional region
occupied by the segmentation extracted by the
luminal organ extracting means.

10. The insertion support system according to Claim 9,

further comprising:
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11.

12

13.

14,

15.
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luminal organ image generating means for gen-
erating a three-dimensional image of the luminal
organ on the basis of the segmentation extract-
ed by the luminal organ extracting means; and
plotting means for plotting the end point and the
passing point on the three-dimensional image
of the luminal organ generated by the luminal
organ image generating means.

The insertion support system according to any one
of Claims 8, 9, and 10, comprising:

interpolation performing means for performing
interpolation between the end point and one of
the passing points, between the passing points,
and between another one of the passing points
and the start point; and

route setting means for setting a result of the
processing performed by the interpolation per-
forming means as a route connecting the start
point and the end point.

The insertion support system according to any one
of Claims 8, 9, 10, and 11,

wherein a marker indicating either one of the end
point specified by the end point coordinate specifying
means and the passing point specified by the pass-
ing point coordinate specifying means is superim-
posed on the multi-planar reformatted image.

The insertion support system according to Claim 12,
wherein the marker includes:

a position mark portion for specifying the posi-
tion of either one of the end point and the passing
point; and

a region mark portion for indicating a predeter-
mined region including the position of either one
of the end point and the passing point.

The insertion support system according to Claim 9,
wherein the multi-planar reformatted image gener-
ating means is controlled to superimpose a segmen-
tation image, in which the segmentation is reflected,
on the multi-planar reformatted image.

An insertion support route setting method compris-
ing:

a multi-planar reformatted image generating
step of generating a multi-planar reformatted im-
age of aregionin a subject on the basis ofimage
dataof athree-dimensionalregioninthe subject;
an end point coordinate specifying step of spec-
ifying, on the multi-planar reformatted image, a
coordinate of the three-dimensional region of a
desired end point at a distal end of a duct in a
body cavity of a luminal organ in the subject;
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a passing point coordinate specifying step of
specifying a coordinate of the three-dimensional
region of a desired passing point of the duct in
the body cavity apart from the end point by a
predetermined distance; and

a coordinate specification controlling step of de-
termining whether the passing point is a desired
start point at a proximal end of the duct in the
body cavity, and if the first passing point is not
the desired start point, controlling the passing
point coordinate specifying step to specify a co-
ordinate of the three-dimensional region of a
new desired passing point of the duct in the body
cavity apart from the first passing point by a pre-
determined distance.

10

15

20

25

30

35

40

45

50

55

15

28



EP 1681 011 A1

FIG.1
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